11/30/2004 15:32 FAX 613 230 6706 



OGILVY RENAULT 



037 



(19) 




Europaisches Petentamt 
European Patent Office 
Office europBsn dos brevets 





i 




(11) 



EP 0 851 561 A2 



(12) 



EUROPEAN PATENfT APPLICATION 



(43) Dateofpubticdtion: 

01.07.199d Bulletin 1998/27 

(21) Application number 97630710.6 

(22) Oat&ot filing: 23.12.1967 



(51) IntciA H02M 3/07 



(84) Designated Contracttng States: 


(72) Inventor Menichelli, Stefano 


AT BE CH DE DK ES Ft FA GB GR IE IT U LU MC 


00177 Roma (IT) 


NLPTSE 


Designated Extension Statae: 


(74) Representative: Talietclo^ Antonfo at el 


ALLTLVMKROSI 


INQ. QARZANO* & ZANAROO ROMA S-piA. 




Via Piemonte, 26 


(30) Priority: 23.12.1996 IT RM9608d9 


00187 Roma (IT) 


(71) Applieantd: 




* Texad Inatruments Iricorporaied 




Dallas, Taxae 75251 (US) 


• 


Designated Contracting Stated: 




BE CH D£ DK E3 Fl FR QB GR IE LI LU MC NL 




PT AT 




• Consorzio Eagle 




67051 Avezzano (AQ) (IT) 




Designated Contracting States: 




IT • 





CM 
< 

<D 

in 



lO 
CO 



UJ 



(54) Negative voJtage charge puinp, particularly for flash EEPROM memoriee. 



(57) A voltago multiplier drcuit for Integrated circuits, 
comprieing two mirrored sections drfven by control slg- 
nafs pHOO, PH01, PHO_N; PHIO, PH11, PH1_N) gen- 
erated by a logic circuitry which receives, as input signals, 
an enable signal (en) end a clock signal (oI)c), wherein 
each mirrored section includes N stagee and each stage 
comprises a capacllor (COO. C01. C02; CIO, C11, C12, 
CI 3) having a lower terminal and an upper terminal, the 
lower termina] Is connected to a first switch (INVO, 
PCH01, PCH03, PCH05; INV1. PCH11, PCH13, PCH15) 
that, inclosed condition, couples the lower terminal of the 
capacitor to the power supply voltage (Vpp), said lower 
terminal of Ihe capacitor being sdcBtionally cainecied to 
a second switch (INVO, NCHOO, NCH01, NCH02; INVi, 
NCH10, NCH11, NCH12) tfTat, In Closed condition, cou- 
ples the lower terminal of the capacitor to ground vottage 
(QND), as far as the first stags la concerned, or to the 
upper terminal of the capacitor of the previous stags, the 
Upper iBrmlnal of the capacitor is connected to a third 
switch (PCHOO. PCHQ2. PCH04, PCH06; PCHIO, 
PCH12. PCH14, PCH16) thai tn cfosed condition, cou- 
ples the upper terminal of th e capacitor to grourtd (GND). 
the upper terminal of the capacitor (CO^ C1 3) of the N- 
th stage Is connected to a last switch (PCH01 4; PCH1 1 4) 
lhat in closed tn condition, couples the upper terminal of 
the capacitor of the N-th stage to the output of the voltage 



multiplier; said control signals dlrediy or irxjirectly drive 
said swfiches duch th»at, when the voltage multiplier is en- 
abled (en B 1 ). at a rate determir^ed by said clock signal 
(elk), each mirrored section In" alternated limes is 
switched over from a charging phase to a disclldrging 
phase, so that while a mirrored section is in charging 
phase, the other one is in discharging phase arxi vice ver- 
sa; When a mlrrorad sooifon oi the circuit is charging 
phase, the last switch (PCH014; PCH114) and all second 
switches thereof (INVO, NCHOO, NCHOl, NCHQ2: IWl» 
NCH10, NCHIf, NCH12) are In open condition, while Its 
tirsl (INVO, PCHOI, PCH03, PCHOB; INV1, PCH11, 
PCHT9, PCH15) and its third switches (PCHOO, PCH02, 
PCH04, PCH06: PCHIO, PCH12. PCH14, PCH16) are 
in closed condition, so that all capacitors of this ciroutt 
section are parallel connected between the supply vott- 
age (Vpp) an6 ground (OND) and are charged up to a 
voltage corresponding to said supply voltage (Vpp), with 
the uppar plate at ground and the lover pfate at the supply 
voltage (Vpp); when a minored section of the circuit is in 
discharging phase. aQ Its first (INVO, PCHOI, PCH03, 
PCH05; INVI. PCH11. PCH13. PCH 15) and third swltch- 
ag (PCHOO. PCH02, PCH04, PCHOS; PCHIO. PCH12. 
PCH14, PCH 16) are in open condition, while its test 
switch (PCH014; PCH114) and ail its second switches 
(INVO, NCHOO. NCHOI, NCK02; INVI. NCHIO. NCH11, 
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NCH1 2) are in dosod conc£tion< so thai all capacitors ar9 
serially connected with one another, the lower tsmninal of 
the capacitor (COO; CI 0) of the first eiage being connect- 
ed to the ground voltage (GND) and the upper terminal 



of the capacitor of the N-th stage being connected lothe 
output of the voltage multiplier; When ihe voltage muttipll- 
er is disatyled (en = 0). both mirrored a ectlone of the clrculi 
are in charging phase. 
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Do^orfption 



This invention broadly rsiateg to semiconduclor 
memorias and more particularly concerns a novel im- 
plementation of a voltage multiplier circuit t^ enables 
intagratecf circuits manutactured in CMOS technology 
to ba operated under a standard supply voltage of a 3 
volte or 5.0 voflB also bi those cases m wh ich higher voil- 
ages are required, generated within Ihe circuit itself and 
in certain operation circumstances. 

It is known, lor instance, that, in EEPROIW memo- 
ries, besides the standard supply voltagss of 5.0 or 3.3 
volts, also higher voltages are utilized, for instance 12 
volts or in other opa/atron circumstances also ^Q volts, 
in order to carry out programming oparations of the 
mcmoiy cells or erasure operations, it is generally 
known thai these memory devrcos require an additional 
supply arrangement, which entails some problems, due 
lo Ihe fact that obviously the need itet two supply ar- 
rangements be provMad rather than just one clearly 
cannot be considered as an advantage. The problem 
exists that a voltage higher than the supply voltage is to 
ba provided on the same chip. 

On-chjp voltage multipliers, often referred to as 
•charge pumps", are typlcairy utilized In orderto enable 
integrated circuits to ba operated from the standard 
power supply, althoughj as rt occurs In Flash EEPROM 
memories. In certain operation modes, negative voltag- 
es and/or positive voltages higher ttian the slandard 
power supply voltages are intomally required. 

As It is loiown to those skilled in the art, one of the 
Issues to be always carefully kept into account In de- 
signing and implementing an Integrated clrcuH is the Uti- 
lization grade of the area of the silicon chip on which the 
integiated ci/curt Is realized. From this viewpoint, lh8r^>- 
rore, it should be kept Into account that the silicon area 
needed to imp foment a charge pump circuit can notice- 
ably vary depending on three primary factors: the supply 
voltage, the output requirements and the capacitance 
per unit area of the on-chip capacitors that are realized. 

As a citation ol the prior art, reference can be made 
to Figure 1 which illustrates a schematically depicted 
convenlKjna? charge pump circuit, for negative voltages. 
As It can be otaserved. It substantially ir>cludes a diode 
chain Di, Dg, ... Di^^.^, plus an output diode Dqut in- 
serted between ttKj ground GND and the output V^,. 
The alternated nodes between the diodes of the chain 
are coupled to two dock signals PH and PH_ through 
capacitors Cg Cn.^ and C2. C4, ... C„. respoeilve- 

In this circuit, tho charge packels aro ■pumped" 
atong tho chain diodes accordhg to the charging and 
discharging steps of the coupling diodes under the alte- 
mated actions of Ihe above menttoned hwo clock signals 
PH and PH_. whfch are of opposfte phases, with ampfi- 
ludo Vpp. 

The diodes of Figure 1 are lypically replaced by 
PMOS designed to operate as diodes, since diodes ca- 



pable to withstand negaiive voltages aro not available 
in Iho conventional CMOS technotogy. 

The performances of the circuit of Figure 1 are 
strkrtly correlated with the diodo efficiency and with the 
5 power supply voltage. Due to the very poor capability of 
PMOS transistors to accomplish the required diode 
function, particularly when high voltage PMOS transis- 
tors are employed in view of their higher value and 
their lower Kp value with respect to kiw voltage PMOS 
10 Iransistors, in standard CMOS technotogy, the charge 
pump of Figure 1 exhibfts, especially at low power sup- 
ply vonages. a very poor performance, in terms of both 
a voltage multiplication efficiency and a current drive ca- 
pability. 

^5 Furthermore, the output voltage tends lo collapse 
when the output currenl Increases above the maximum 
allowable value. I^tly, it should be noted that, in the 
concerned circuit, the capacitors have to stand subject- 
ed to high voltagea across themselves and this is a 
drawback in terms of silicon area usage, as It will be sub- 
sequently described when the capability per unit area 
will be discussed with respect to the dielectric oxide lay- 
er thickness. 

In view Of this prior art, it Is a broad object of this 
^ invention to realize a charge pump circuit, implemented 
in CMOS technology, adapted to generate on-chip very 
high negative volteiges, without the drawbacks and the 
complexities of the prior art approaches. 

A further object of this invention Is to realize a 
30 charge pump circutt as above said, which is also vary 
flexible, as wefl as easily modifiable in order to fulfill any 
dffferenl and apeciffc appllcatfan requirements. 

Additional objects of this Invention are to realize a 
charge pump circuit as above said having a very high 
35 efficiency in terms of power, a very high current drive 
capability, as well as an efficfenl silicon area utilization. 

The above mentioned objects are obtained by 
means of a negathro voltage mumplier citcurl for inte- 
I grated circuits, comprising two mirrored sections driven 
^ by control signals generated by a togJc circuitry which 
receives, as input signals, an enable signal and a clock 
signal, wherein each mirrored seolron, m one ombocfi- 
ment, includes N stages and each stage comprises a 
capacitor having a iowertermfnal and an tipper terminal, 
the lower terminal is connected to a first switch that In 
ckised condition, couples the tower terminal of the ca- 
pacitor to the power supply voltage, said lower tamiinaJ 
ol the capacitor bi&ing additionally connected to a sec- 
ond switch that, in closed condition, couples the tower 
50 termfrial of the capacitor to ground voltage, as far as the 
first stags is concerned, or to the upper terminal of the 
capadtor of the previous stage, the upper terminal of 
the capacitor Is connected to a third switch that, in 
closed condition, couples Ihe upper terminal of the ca- 
^5 pacltor to ground, the upper terminal of the capacitor of 
the N-lh stage Is connected to a last switch that, in 
cbsed in conditJon. coupl&a Ihe upper terminal of the 
capacitor of the IM-th stage to the output of the voltage 
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multiplier; said control signals directly or Irtdlrectly drive 
said switches such lhat when the voltage nrtumplier is 
enabled, at a rate determined by said clock signal, each 
mirrofed eectton In alternated times is switched over 
from a charging phase to a discharging phase, so that 
while a iTftirrored cectlon [s In charging phase, the other 
on© Is in discharging phase and vice versa; when a mir- 
rored section of the circuit is charging phase, the last 
switch and all second switches thereof are in open con- 
dilion* while its finet and its third switches are in closed 
condition, so that all capacrtors of this circuit seolion are 
parallel connected between the supply voltage and 
ground and are charged up to a voltage corresponding 
to said supply voltage, with the upper plale at ground 
and the lover plate at the supply voltage; when a mir- 
rored section of the circuit is in discharging phase, all its 
first and third ewftohee are in open condition, while its 
last switch and all its second switches are in cbsed con- 
dition, so that all capacitors are serially connected with 
one another, lha lowof torminaJ Of the capacitor of the 
first stage being connected to the ground voltage and 
the upper terminal of the capacrtor of the N4h stage be- 
ing connected to the output of the voltage multiplier: 
when the voltage multiplier Is disabled, both mirrored 
sections of the circuit are in chargtng phase. 

In the above set forlh circuit, said two mirrored cir^ 
curt sections are driven by a first and a sccorKi control 
signals, having opposite polarities: when Iho mirrored 
section is in charging phase, said first control signal is 
at the power supply voltage, white said second control 
signal is at ground vottago; when the mirrored section 
is In dischargirig phase, said-flrsl control signal Is at 
ground voltage, while said second control signal is at 
the power supply voltage. 

In the preferred embodiment, the first and the sec- 
ond switches of Ihe first stage of each mirrored section 
are reaUl^ed by means of acorrv/entional CMOS Inverter 
so that said first switch is realized by means of a P-chan- 
nel MOS transistor, having the source region connected 
lo ground, the drain region connected to the lower ter- 
minal Of the firststage capacitor and the gate region con- 
nected to the fine of saJd second control signal, said sec- 
ond switch is realized by a N-ctiannel J\^OS transistor 
having the source region and the N-well In which \ho 
transistor is realized connected to the power supply vott- 
age^ the drain region connected to the lower terminal of 
the flrsL stage capacitor and me gate region connected 
to the line of said second control signal. 

Furthermore, all said first switches, except for the 
ones of the first stage of both mirrored sections, are re- 
alized by means of P-channal MOS transistora having 
their Source region connecled to the line of said first con- 
trol signal, their drain region connected to the lower ter- 
minal of the capacitor and their gate region connected 
to the power supply voltage. 

Again jn the preferred embodiment, all said second 
switch eSt except for the ones of the first stage of both 
mirrored sections, are realized by means of Insulated N- 



10 



fS 



so 



channel MOS (Iso-NMOS) transistors having their 
source region and the P-well, In Which the transistor Is 
realized, connected to the upper terminal of tha capac- 
itor of the previous stage, their drain region connected 
to the lower terminal of-lhe capacitor of Iheir own stage, 
whose deep N waD is connected to the power supply 
voltage arid their gats region is certainly connected to 
the line said second control signal, while, as far as 
the upper stages are concerned, it can be connected to 
ground voltage. 

As iti will ba seen, alt said third switches are realized 
by means of P-chartnai MOS transistors, having their 
source region connected to the upperterminal of the ca- 
pacitor, their drain region connected to grourtd voltage 
and their gate region connected to the upperterminal of 
one of thje capacitors of the other mirrored section of the 
circuit so as lo enable a suitable negative voltage to be 
picked off from the discharging section for application to 
the gate region of said MOS translators in order to turn 
them fully on when they emulate a closed switch. 

In the above descrityed multiplier circuit, each stage 
further rrM;ludQs a diode having its cathode connected 
to ground voltage and its anode connected to the upper 
terminal ^ the capacitor In order to guarantee pre- 
charging of the capacitors when the voltage mutttpiier is 
disabled, said swltchas being In open condition due to 
the fact that they are realized by means of P-channel 
MOS transislors having their gate regions at a not-nag- 
atrva vottaga because, since tha voltage muhlpller b dis- 
abled, tx>th mirrored sections are in charging phase. 

As H will be observed, said diodes are realized by 
means of P-channel MOS transistors, having their 
sou 'ce region connected to the upperterminal o( the ca- 
pactor and their drain and gate regions boih connecled 
to ground voltage arid whose N welt region In which the 
transistor is realized is connected to the power supply 
voltage or, as far as the upper stages are cortcemed. It 
can be cortnected U> the line of said first control signal. 

In a different and preferred embodiment, said last 
switch is realized by maane of a P-channel MOS tran- 
sistor having its drain region conneaed to the ouiput of 
the Wtagemubipller circuit. Its eource region connected 
to ttle upperterminal of tha capacitor of the N-th stage, 
the p4 well region in which the transistor Is realized can 
^ be Cjonnected to Lhs power supply voltage or, preferably, 
to tha line of said first control signal and, lastly, for cor* 
rectly driving said PMOS transistor, its gale region ts 
confiected* to the upper terminal of a eupplamenlary 
(N4'p)th stage, completely similar to the previous N-th 
stage, added to the upper portion of each mirrored sec- 
tion! 

jrurther details and advantages of this Irrventlon will 
be evident from the following specification by referring 
to the enclosed drawings wherein the preferred embod- 
5& tment is shown by way of illustration artd not by way of 
Umi^tion. 

In the drawings: 
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Figure 1 shows a charge pump circuit according to 
corrventional technology, 

FigurG 2 shows a charge pump crncuft of high voil- 
age typo according to this invention, 
Rgura 3 shows Ihe output vohago Vj^rr behavfour 5 
in the charge pump circuit at Figure 2, 



By referring now lo Figure 2, a novel voilag© multi- 
plier circuit is schematlDally shown, positivefy designed 
to furnish a very high voltage multiplicaHoo ©fRcienoy lO 
and a grsai current drive capability. 

The basic voltage multiplier structure is made of two 
mirrored part© which are clockcDd by not overlapping 
phases. The fun symmetjy of the circuit allows limiting 
the analysis to |u6l one half of It and lo refer to the other u 
haft- circuit only to the necessary extent to explain all 
steps of the operation. Each half section of the voltage 
multfplier comprises N etagas: each stage is mad© of a 
capacJIor and a few MOS IransfsiorB operating as 
swftehes. Sard N capacitors are insulated from one an- so 
other and charged In panaltef to voltage Vpp durrng a 
phase of the clock signal, while, during the subsequent 
phase of the clockslgnal, said N capacitors are connect- 
ed in series, to enable said capacitors, except for one 
of them, to be directly discharged to the output. Accord- ss 
ing to the cloek signal, said N capacitors are insulated 
from each other and are connected together by means 
of Insulated NMOS (iso-NMOS) transistors. 

As rt is known, an insulated NMOS translator is typ- 
ically Implemented by using a deep N-welf that contains ?o 
a P-well in which the NMOS transistor fs reaiiied. Insu- 
lated NMOS transistors are mainly built to handle nsg- 
atfve vollages. The bulk of this type Is insulated from the 
P-3ubairale by means of the deep N well and can be 
driven to different voitages, other than ground, provWed 33 
that all pn junclkjns be neverfonwanJIy biased. For neg- 
ative voltages or positive voltages not higher than the 
power supply voltage, the deep N well can be tied to the 
power supply voftage Vpp. whereas the P well region 
can be short circuited lo the eouriDa region which has 40 
always to be at a voltage not higher than the drain volt- 
age. 

During the charging phase, said N capacitors are 
insulated 1(om each other and the two termriais of each 
capacitor are connecled on e lo voltage Vpp and the oth- 4S 
er one to ground GND by means of PMOS transfstois. 
During the discharge phase, said N capacrtors are con- 
nected in series, with the bottom plat© of the first stage 
capacitor coupled to ground voftags QND and the top 
plate of the last-but-one stage capacitor coupled to the so 
output through a PMOS transistor The gata voilago of 
this PMOS transistor Is furnished by the last stage, in 
the upper portion of the cJrcuit. in order to drive the tran- 
sistor Into a fully on cortditkm. 

The charge pump circuit OT Figure 2 is particularly 55 
adapted tor use in an embedded Flash EEPROM and it 
has been Illustrated for the case N=5 and for providing 
an output voltage of -9 Vbits. In addftion. It should be 



noted mat only high voltage iViOS transistors are em- 
Ptoyod (n the circuit of Figure 2. excepl for the tog© gates 
that are realized by low voltage MOS transistors. 

The control signals are generated by logic gales 
that are shown in the bottom part of Figure 2 and eifeo- 
liveVform a not-overfapplng phase generator. 

In wait or stand-by conditions, in which signal en Is 
low, phases PHOO. PH01, PH^^ and PH10 are at Vpp 
voltage, whereas phases PHO_N and PH1_N are at 
ground voltage GND. Capacitors COO. COl. C02 coa 
C04. CI 0, CI 1 . CI 2, CI 3 and Cl 4 are charged lo Vpp- 
Vd. where Vd Is the voltage drop across the related 
PMOS transistor connecled as a dkxi©. fn effect, con. 
sldenng any one of the capacitors, for instance C01 . fn 
Bland-by mode, node IS Is heW at Vd by transistor 
NCH010 and node 12 is connected to Ih© power supply 
voltage Vpp by transistor PCHOl which Is on because 
It has the gara region coupled to ground QND and be- 
cause its source regton is connectedto phase PH01 that 
Is at Voltage Vpp. 

that. In stanc«?y mode, each capacitor 

poo. C01. C02, O03. C04andClO. C11. C12. C13 C14 
is p re-charged to Vpp-Vd. 

In operating mode, enable signal cn is high and 
clock sjgnal elk Is In free running condition. When It is 
assumed, as a starting point of the analysis, that the 
ctock signal elk Is low. then phases PHOO, PH01 and 
PHI^N are at voftage V^p, while phases PHO_N, PHll 
and PH10 are at ground GND. In this case, the left side 
of the voltage multiplier circuit is in charging phase 
while its right skis is in discharging phase, in the left skte 
of the voltage multiplier circyit. whk:h is In charging 
phase, transistors NCHOO, NCH01,NCH02and NCH03 
are ofJ because their gate regions are ai ground voltage 
GND and their source - drain voftages are not-negative 
Therefore, capacitors COl . C02, C03 and C04 are insu- 
lated from each other. Since phases PHOO and PHOl 
are at voltage Vpp and node 1 7 Is at a proper negative 
voltage, as It wiU be evident herelnbelow. transistors 
PCHOO. PCHOl. PCH02, PCH03. PCH04. PCH05 
PCH06. PCH07 and PCHOa are conductive oroo. there- 
by fully charging capacitors COO. COi, C02, C09 and 
C04 to vottage Vpp, 

Transistor PCHOl 4, that connects the upper plate 
of the bst-but-onecapacitorto the output, isoff because 
its gate riegton connected to node 42 and Its drain rogton 
connected to node 38 are both at ground voltage QND. 

In the right side ol the voltag© muItipBor clrcurt. 
Atiteh is fn tSseharging phase, since phase PHl_N is at 
/oiiago Vpp and the voltages on node 17, on node 23 
3n node 24 and on node 34 are negative, transistors 
vlCHlO. NCH11, NCH12 and NCH13 are on. conse- 
cjuontly connecting capacitors CiO, Cii, C12. Cl 3 and 
C14 in series. As phases PHiO and PH1i are at ground 
<pND and node 26 is at a voltage not lower than the 
ground vottage QND. since the left side of the circuit Is 
in charging phase, then translators PCHio PCHn 
f?CH12. PCH13. PCH14, PCH15, PCH16. PCH17and 
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PCHie are oift. The serialfy connected capacitors C10. 
C11. C12 and C13 can be discnarged lo ine OUIput 
through tranaislor PCHi 4 which id in a tully Ort condition, 
elnce Ite gate voteige is property furnished by the last 
stags of tho upper right portion of the oircUi't (capacitor ^ 
CI 4). 

When ths clock signal cfk swfiches from low to high. 
In Tho first placa all the phase voltages PH11 and PH10 
are switched to Vpp, while the phase voHage PH1_N 
becomes GND. Transistors PCH11. PCH19, PCH15 
and PCHI 7 are turned or* thereby making the voKagss 
on the right side of the voltage multiplier circuit to rise. 
In turn, transistors NCH10, NCHi1. NCH12 and NCH13 
are switched off. The voltage on node 1 7 takes a not- 
negative value and transistors PCHOO. PCH02, PCH04, '5 
PCH06 and PCH08 are switched off. 

After the voltage of phase PH11 has gone to Vpp. 
the voltage of phase PHOI becomes GND. thereby dis- 
charging node ia nods 22. node 30 and node 45 
through transistors PCHOl , PCH03, PCH05 and PCH07 20 
acting as dkxjcs until they are turned off. This discharge 
improves the circuit perfonmance, since parasitic capac- 
itors are coupled to these nodes. 

It rs known, in fact, that, in MOB technology, a ca- 
pacitor whose terminals can be driven to negative volt- 
ages is typTcally realized by using a layer of polysiDcon. 
as first terminal, on an underlying thin or thick layer 
gate oxide of MOS transistors, as dielectric, which is laid 
on a P-type diffusion region (P^weil), as a second plate, 
which '» contained in a deep N-well in onder to Insulaie 30 
the P well from the P- substrate. A P+ diffusion, in the 
P diffusion or P well region, surrounds the polyslllcon/ 
oKide/P well vertical stnKture. thereby decreasing the 
series resistance and allowing the contacts to the P well 
of the second capacitor terminal to be effected. The pn as 
junction which forms between the P well and the deep 
N well is a parasitic capacitance, associated with the ca- 
pacitor, whose value IS a function of the P welt voltage, 
since the deep N well is typically connected to a fixed 
voltage, such as Vpp. This parasitic capacitance de- ^ 
creases as the voltage across the reverse biased prt 
jimction increases. Thus, the very fast discharging of 
node 12. of node 22. of no6e 30.' of node 45. of node 
1 3, of node 1 6, of node 23 as well as of node 34> before 
the discharge phase ts started, prevents a loss of the ^ 
'usefur charge of the capacitors which would be ueed • 
to charge the parasitic capacitors in the first voltage 
range in which they have their maximum capacitance 
value. Lastly, ad capacitors built witt) a thin gate oxide 
of the MOS transistor, rather than with a thick gate oxide. SQ 
have a much lower paraslUo capacHance, since the val- 
ue of the parasitic capacitance is proportioneil to the pn 
Junction surface area. 

It can be observed now, with continuous reference 
to the analysis of the circuit, tinaithe PHO_Jsl phase voK- ss 
age sut>3eqiiently takes the value Vpp, thereby turning 
transistors WCHOO and NCHOl pn. the PHOO phase volt- 
age takes the GND value and tnaneJslore NCH02 and 



NCH03 are turned on. in view of the negative voltages 

applied to their source regions. \t\ particular, tne voltage 
on node 26 lowers to negative value given by V^, plus 
the voltage across capacitor C03 minus the source- 
drain voltages of transistors PCHOl 4 and NCH02. The 
negative voltage on node 26 switches transistors 
PCH10, PCH12, PCH14, PCH16 and PCH18 to a fully 
conductive slate. At this t&ne. the transrttons In the cir- 
cuit due TO the clock signal elk are completed. 

The (eft side of the voltage muttrpller circuit is now 
in discharg ffig phase, while its right side is in charging 
phase. As the circuit of Figure 2 is fully symmetrical, a 
perfectly analogous description of the circuit behaviour 
could be repeated to analyze the operation when the 
clock signal oik goes from high to low. 

All the high voltage MOS transistors of the circuit of 
Figure 2 always switch In very safe conditions so as to 
prevent any risk of field plate breakdown, which isatyp- 
ioal breakdown risk occurring In transiHtors switching 
with high voltages across them. In view of this, several 
conneotbns have been rearranged to reduce the volt- 
age across the more stressed transislors. The gale re- 
gions of transistors NCH02 and NCH03, as well as the 
gate regions of transistors NCH12 and NCH13 are cou- 
pled to ground GND, in stead of being coupled to the 
PHO_N and PH1_N phase voltages. Furthermore, the 
N tank diffusions of transistors PCH04, PCH06. PCH08. 
PCHOl 1 , PCHOl 2, PCHOl 3 and PCHOI 4. as wall as the 
N tank diffusions of transistors PCH14, PCHI 6, PCHI 3. 
PCH111. PCH112, PCH113 and PCH114 are not con- 
nected lo voltage Vpp, but are property driven by the 
PHOI and PH11 phase voltages, respectively. 

Lastly, the logic gates fslANDO and NAND1 provide 
the right timing lo swilch the voltage of the N tanks of 
transistors PCH07 and PCHI 7. 

Unlike the crrcuit of Figure 1. in the novel voltage 
multiplier schema according lo this invention, the max- 
im um voltage across each capacitor is only equal to the 
power supply voltage Vpp. This obsenratlon is very Im- 
portant from an efficient silicon area usage view point 
when, as It occurs in many cases, the capacitor dielec- 
tric is made by the MOS transistor gate oxide. In fact, 
the maximum allowed voltage across the gale oxide of 
a MOS Iraneietor depends on tho thickness of the gate 
oxide itself. Low voltage MOS transistors are made with 
a Ihin gate oxide which has a very high capacitance per 
unit area. In contrast, high voltage MOS transistors are 
made with thick gate oxide, because they have to with- 
stand high voltages; however, a thick gate oxide, com- 
pared lo a thin gate oxide, has a much lower capaci- 
tance per unit area. 

The voltage multiplier according to the scheme of 
this invention allows a very thin gate cxide to be used 
for reatij^ing the capacitors and this Is a realty noticeable 
advantage in terms of silicon area usage. In some ef- 
fective embodiments of this Invention (EpIcS-Flash 
merged technok>gy (a3Mi2». ihe thin gate oxkle of the 
MOS transistor has a thickness of 8 nm and a capaci- 
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tanca per unft area of abotrt 3.8 FF/^» th© thfck cat9 
oxicie of the MOS transistor has a thickness of 21 nm 
and a capacitance par unit area of 1 .6 FF/iun^ The sil- ■ 
won area needed to bufid the same capacitor fe more 
than twice /arger \i a IhPcK MOS gate oxrda b i/sad in- s 
stead of a thin MOs gate oxide. 

The charge pump circurt of Figure 2 has been sim- 
ulated by utilizing SPICE models, a ctock period of 80 
na and a power supply vottage of 4 volts, furnished by 
a high current voltage regulator Which Is integrated with 10 
the embedded Rash EEPROM memory. Tho parasitic 
capacitance has been taken Into accoum in the SPICE 
simulation by connecting an additional capacitor be- 
tween the bottom plate of each capacitor and Iho power 
supply voltage Vpp. Each parasitic capacitance hae is 
been estimated ai 1.2% of the capacitor value which rt 
IS associated with. Furthermore, an Ideal current source 
louT Jias been inserted between the output and ground 
fn oncter to emulate the load cunem. The waveform of 
the output voltage Vqut is shown in Figure 3. rt shows so 
that the negative voltage charge pump of Figurts 2 is 
equivalent to an IdeaJ voltage generator of -1 a? V seri- 
ally connected to a resistor of 1 a kohms. A voltage mul- 
tIpJicr based upon this scheme is ecrofva/ent to an IdeaJ 
voltage generator Vo with a serially connected resistor ^ 
Ro the values of which. In tho range of Interest and with 
good approximation, aro pnoportional to Vpp and to the 
dock pertod T, respecllvely, thart Is to say Vo m oT Vpp 
and Ro Kb-r. The a and b coafffcients deperx^ on the 
circuit only. As it has been ehown by the SPICE Simula- so 
tion, for an output cunsnt In the range 20O pA to 300 
UA. the power efficiency is practically constant and 
equal to 33%, Which Is a very high vaiua for a charge 
pump circuit for negative voltage. 

The preferred embodiment has been described and as 
some modificatrans havs been suggested above, but It 
should be understood that those skilled in Iha an can 
makG modiffcatlons and changes to the components 
without departing from the scope of this invention as da- 
fined In the attached claims. 
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Claims 



1, 



A negative vottage muttiplror circuit for integrated 
cl/icuils, comprising two mirrored sections driven by 
control signalo (PHOO, PH01, PHO JV*; PH10, PH11, 
PH1_N) generated by a logic clrauiiry which re- 
ceives, as input signals, an ar»able signal (an) and 
a clock signal (c|k). wherein each mirrored section 
includes N stages and each stage comprises a ca- 
pacaor (COO. CGI, C02, COS; ClO, Cn, CT2. C13) 
having a tower temilnai. and an upper terminal, the 
lower terminal Is connected to a firet switch (INVO 
PCH01. PCH03. PCH05; JNVI, PCHll, PCH13,' 
PCH15) that, in dosed condition, couples the lower 
temnlnai of the capacitor to the power supply voltage 
(Vpp), said lower terminal of tho capacitor being ad- 



4£ 



so 



33 2. 



connected to a second switch aNvo 
NCHOO, IVCH01, NCH02; INVl. NCHtO. NCH11 
NCH 72) that. In closed conditron. couples the towe^ 
terminal of the capacitor to ground voltage (GND) 
as far as thefirs* stage Is concerned, orto the upper 
. terminal of the capacitor of the previous stage- The 
upp^r tenninal of the capacitor is connected to a 
^ird switch (PCHOO. PCH02. PCH04, PCH06- 
PCHia PCH12, PCHT4. PCH16) that, in cfosed 
condrtfon. couples the upper termlnaJ of the capac- 
rtor to ground (GND), the upper larm?nal of the ca- 
pacitor (COS; C13) of the N-th stage is connected 
to a last switch (PCH014; PCH114) that, in closed 
in randrlion. couples the upper temiinal of the ca- 
pai^tor ol the N-th stage to the output of the voltage 
multiplier; said control signals directly or indirectly 
drr/e said switches such that, when the voltage mul- 
tlplier IS enabled (en ^ i>. at a rate datennlned by 
sad clock signal (cfk). each mirrored section In al- 
temated times is switched over from a charging 
phase to a discharging phase, so that while a mfr- 
wred section is In charging phase, the other one Is 
m discharging phase and vice versa; when a mir- 
rored section of the drcuft Is charging phase, the 
last switch (PCH014; PCH114) and all second 
switches thereof (INVO. NCHOO, NCHOl. NCHD2- 
INV1. MCH10, NCH11. NCH12) are In opon condi- 
lion, while fts first (INVO, PCHOl. PCH03, PCH05- 
INVl . PCH 11 . PCH1 3, PCH1 5) and Ks third swftch- 
as (PCHOO. PCH02, PCH04. PCH06; PCH10 
PCH12. PCH14. PCH16)arG in closed condrtion so 
that alt capacHora of Ihfs crrcuic sectfon are parallsl 
connected between the supply voltage (Vpp) and 
ground (GND) and are charged up to a voltage cor- 
responding to said supply voltage (Vpp). With the 
upper plate at ground and iha lover plate at the sup- 
ply voltage (Vpp); when a m/rrored section of the 
circuit IS in discharging phase, ail its first (INVO. 
PCHOl, PCH03, PCH05; INVl, PCH11. PCH13. 
PCH15) and third switches (PCHOO. PCH02* 
PCH04, PCH06; PCH10. PCH12, PCH14. PCH16) 
are In open condition, while its last switch (PCHOI 4; 
PCH114) and all its second switches (iNVo' 
NCHOO, NCH01, NCH02; INVl, NCHIO. NCHll,' 
NCH12) are in closed condition, so that all capaci- 
tors are serially connected with one another, the 
lowerterminal of the capacitor (COO; CI 0) of the first 
stage becag connected to the ground Voltage (GND) 
and the upper terminal of the capacitor of the N-th 
stage being connacted to the output of the voltage 
multiplier: whan the voltage multipiier Is disabled 
(en = 0). bc«h mirrored sectxjns of the circuit are in 
wwrging piiase. 

A voltage multiplier circuit for integrated circuits ac- 
cording to Claim 1. chanactanzed in that said two 
mln-ored circuit sections are driven by a first and a 
second control signals (PHOI and PHO_N; PHIi 
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and PH1_N) respectively, having opposite polari 
tiee; whan the mirrored eaction is in charging phase; 
said first control signal Is al the pOAver supply volt; 
ago (Vpp), While said second control signal is at 
ground voltage <SNO): when the mirrored ssctiorj 
Is in discharging phase, said first corvtrol signal Is ai 
ground voltage (QND), while said second control 
signaJ is at the power supply vottag© (Vpp). | 

I 

3. A voltage muitiplia r circuit for Integrated circuits acj- 
cording to claims 1 and 2. eharaciarized in that the 
first and the second switch ot the first stage of each 
mirrored section are realised by means oT a convery 
tional CMOS inverter (INVO. INVI) eo that said firB< 
switch Is realized by means ot a P-channel MOS 
transistor, having the source region connected to 
ground, the drain region connected to The lower ter- 
minal of the first stage capacitor (COO, CI 0) and the 

■ gate region connected to the line of said secona 
control signal (PHO_N. PH1_N), said second 
switch is realized by a N-channel MOS iransistoy 
having the source region and the N-well In which 
the transistor is realized oonneoted to the powejr 
supply voltage (Vpp), the drain region connected to 
the lower terminal Of the first stage capacitor (COO, 
CIO) and the gate region connected to the line of 
said second control signaJ (PHOJM, PH 1_N). | 

4. A voltage multiplier drouit <or integrated circuits ac- 
cording to claims 1 and 2, characterized in that al 
said first switches, except for the ones of the first 
stage of both mirrored sections, are realized 
means of P-channe! MOS transistors (PCHOI, 
PCH03. PCH05; PCH11. PCH13. PCH15) having 
their source region connected to the line of said first 
control signal (PHOl . PH1 1 ), their drain region corj- 
nected to the lower terminal of the capacilor artd 
their gate region connected to ground vottag^e 
(QND). 

5. A voltage mullipller circuit for integrated circuits ac- 
cording to claims 1 and 2. characterized in that alt 
said second switches (NCHOO, NCHOl, NCH02; 
NCHI 0, NCH 11 , NCH1 2). eixcept fortho ones Of tWe 
first stage of bolh mirrored sections, are realized oy 
means of N-channel MOS transistors ot insulatejd 
typa (iso-NMOS), having their source region and the 
P well diffusion region, in which the Irahsisfior Is ra- 
allzed, connected to the upper terminal of The ca- 
pacitor of the prevbus stage, their drain region corji- 
neded to the lower terminal oT the capacitor of their 
own stage, their deep N well region connected to 
the power supply vcttage and their gate region con- 
nected, as far as the lower stages (NCHOO. NCHO); 
IMCH10, NCHii) are concerned, lo the lino of sajd 
second control signal (PHO_rv|. PHI^N), whfla, as 
far as the upper stages (NCH02: NCHl2) are co«i- 
cemed* it can be connected to ground voltage 

i 
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A voltage multiplier circuit for integrated circuits ac- 
cording 10 claim 1 , characterized in that all said third 
switches (PCHOO, PCH02. PCH04, PCH06; 
PCHIO, PCH12, PCH14* PCH16) are realized t>y 
means Of P-channel MOS transistors, having their 
source region cx)nnecied to.the upper terminal of 
the capacitor, their drain region connected to 
ground vonaga (GND) and their gate region con- 
nected to the upper tsnn inal of one of the capacitors 
(C12, C02) of the other mirrored section of the cir- 
cuit so as to enable a suitable negative voltage to 
be piclied of I from the discharging section (or appli- 
cation to the gate regions of said MOS transistors 
in order to turn them fully on when they emulate a 
closed switch. 

A voltage multiplier circuit for integrated cirouite ac- 
cording to claims 1 and 6, characterized in that each 
stage further inclvidos a diode (PCH09, PCH10. 
PCH11, PCH12; PCH19. PCH110, PCHlll. 
PCH112) having its cathode connected to ground 
voltage (QNO) end its anode connected to the up- 
per terminal of the capacitor in order to guarantee 
pre-charging of the capacitors when the voltage 
multiplier is disabled (en » 0). said switches being 
in open condition due to the fact that they are real- 
ized by means of P-channel MOS transistors having 
their gate regions al a not negative voltage be- 
cause, since the voltage multiplier is disabled, both, 
mirrored sections are in charging phase. 

A voltage multiplier oirotiil lor integrated circuits ac* 
cording to claims 1 . 2, 6 and 7, characterized in that 
said diodes (PCH09, PCH010, PCH011. PCH012; 
PCH19, PCH110, PCH111, PCH112) are realized 
by means of P-channel MOS transistors, having 
their source region connected to the upper terminal 
of the capacitor and their drain and gate regions 
both connected to ground voltage (GND) and the N 
well diffusion region, in which the transislor Is real- 
ized, connected to the power supply voltage (Vpp) 
or, as far as the upper stages are concerned, can 
be corviected lothe line of said second control sig- 
nal. 

A voltage multiplier circuit tor integrated circuits ac- 
cording to claim 1 , characterized in that said last 
switch (PCH014; PCH114) is realized by means of 
a P-channel MOS transistor having its drain region 
connected to the output of the voltage mullipller cir- 
cuit, its source regbn connected to the upper ter- 
minal of the capacitor (C03; Cl 3) of the N-th stage, 
the N well diffusbn region. In which the transistor is 
realized, can be connected to the power supply volt- 
age (Vpp>or, preferably, to the line of said first con- 
trol SignaJ (PHOl; PHll) and, lastly, for coroctly 
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driving said PMOS transistor, its gate region is con- 
necied to the uppar tarminal of a supplementary 
(N+1)lh stage (C04, PCH07. NCHOa PCH08. 
PCH0i3; C14, PCHIT. NCH13. PCH18, PCH113), 
cGunpletely einrtilartothe pravlous N4h stage, added 
to tho upper ponion of each rriironed section. 
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